Objective: We aimed to investigate the relationships among chronic kidney disease (CKD), symptomatic ischaemic stroke, and carotid atherosclerosis. Methods: We enrolled 455 patients who underwent carotid ultrasonography in our hospital, including 311 patients with symptomatic ischaemic stroke and 144 patients without symptomatic ischaemic stroke. Carotid intima-media thickness (IMT), the rate of internal carotid artery stenosis, and maximal plaque size were evaluated. Results: The mean age of the patients was 68.5 AE 11.0 years and the mean estimated glomerular filtration rate (eGFR) was 68.8 AE 18.2 mL/min/1.73 m 2 . After adjustment for cardiovascular risk factors, the mean IMT was significantly higher in patients with CKD than in those without CKD. The IMT and eGFR were negatively correlated in patients with stroke (r ¼ À0.169). Multiple logistic regression analyses showed that mean IMT, plaque size, and internal carotid artery stenosis were significant determinants of symptomatic ischaemic stroke after adjustment of multivariate risk factors. Furthermore, the eGFR was a negative determinant of symptomatic
Introduction
Symptomatic stroke is the most prevalent cardiovascular and neurological disease in Asia. The incidence and mortality associated with stroke are higher than those associated with ischaemic heart disease in Japan. 1 Moreover, the mortality rate or disabilityadjusted life-year loss is significantly more affected by stroke than by ischaemic heart disease. 2 Therefore, optimized management of risk factors is urgently required to prevent stroke. Ten major risk factors account for 90% of the risk of stroke. Accordingly, management of hypertension, cessation of smoking, treatment for diabetes and dyslipidaemia, and lifestyle modification are recommended to prevent stroke. 3, 4 A strategy to prevent stroke has been established. However, the prevalence of asymptomatic carotid artery stenosis, which is one of the major triggers of stroke, increases with age. 5 Evaluation of residual risk factors is required to prevent stroke.
Chronic kidney disease (CKD), which is defined by a continuous reduction in the glomerular filtration rate and/or renal damage (i.e., albuminuria 6 ) has been recognized as a global health problem of epidemic proportions. 7, 8 CKD is closely associated with cardiovascular disease (CVD); approximately 30% to 40% of patients with symptomatic stroke have CKD. 9 Furthermore, a continuous decline in the estimated glomerular filtration rate (eGFR 8, 10 ) and the existence of proteinuria 10, 11 have been reported as independent risk factors for CVD. A lower eGFR on admission for stroke is an independent risk factor for mortality and new CVD. 12 Recently, the strain vessel hypothesis has been advocated as a common pathological mechanism among stroke, CVD, and CKD. 13 Strain vessels are defined as small vessels that branch off directly from large vessels, such as juxtamedullary afferent arterioles in the kidney, the perforating artery in the brain, and the coronary artery. These strain vessels are likely to be exposed to a high blood pressure gradient, leading to vascular impairment, including endothelial dysfunction. The pathophysiological similarity of these vascular structures has led to proposal of a new concept called "cardiorenal connection in chronic kidney disease".
Several reports have shown the relationship among large vessel disease, carotid artery sclerosis, and small vessel diseases, such as CKD or asymptomatic ischaemic stroke. 14, 15 However, the relationship between carotid atherosclerosis and CKD in Japanese patients with symptomatic ischaemic stroke has not been fully investigated. Therefore, we performed a cross-sectional study to investigate the relationship among CKD, symptomatic ischaemic stroke, and carotid atherosclerosis. 
Methods

Patients
Ultrasonography of the carotid artery
Carotid intima-media thickness (IMT), internal carotid artery stenosis, and the maximum size of plaques were measured using high-resolution B-mode ultrasonography (Aplio SSA-700; Toshiba, Otawara, Japan). Carotid IMT was defined as the average of three measurements of the distance from the edge of the lumen-intima interface to the edge of the collagencontaining upper layer of the adventitia at 1-cm intervals. The rate of internal carotid artery stenosis was calculated by square measurement in the short axis. All of the ultrasound data were obtained by one well-trained technician.
Ethics
The study was conducted in accordance with Declaration of Helsinki and the ethical principles of clinical studies in Japan. This study was approved by the local Ethics Committee at Himeji Central Hospital (UMIN000028744). Written consent was not required because this was a retrospective, observational study. The Institutional Review Board waived the requirement of written informed consent, but patients were provided the opportunity to reject enrolment into this study.
Statistical analyses
Data for clinical characteristics are expressed as mean AE standard deviation. Data for comparison of carotid atherosclerosis with cardiovascular risk factors or symptomatic stroke are expressed as mean AE standard error. Differences between the BI and the control groups were examined by the unpaired t-test or chi-square test as appropriate. Odds ratios were calculated to evaluate the risk factors for an increase in IMT and the presence of symptomatic BI. Univariate and multiple logistic regression analyses were carried out to examine the independent associations among risk factors. Pearson's correlation analysis was performed to evaluate the relationships between IMT and the eGFR. A difference of P < 0.05 was considered statistically significant. All of the data were analysed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY, USA).
Results
Clinical characteristics of the study population
In this study, 455 patients were analysed. The mean age was 68.5 AE 11.0 years and 38.5% of the patients were women ( Relationships between IMT and cardiovascular risk factors Figure 1f ) were significantly higher than those in patients without these risk factors (all P < 0.01). Moreover, the mean IMT in patients with CKD was significantly higher than that in patients without CKD (P < 0.001, Figure 1g ). We performed multivariate analyses to further investigate the relationship between CKD and IMT. After adjustment for age, sex, and other cardiovascular risk factors, such as smoking habit, diabetes mellitus, hypertension, and dyslipidaemia, CKD tended to be correlated with an increase in IMT (P ¼ 0.05, Table 2 ).
Relationship between carotid atherosclerosis and CKD in symptomatic BI
Because we found a relationship between carotid atherosclerosis and CKD, we subsequently examined the difference between the BI and control groups. The mean age was significantly older (P < 0.001) and the ratio of male participants was higher (P ¼ 0.003) in the BI group compared with the control group (Table 3 ). Blood pressure in the BI group was significantly higher than that in the control group (P < 0.01). The eGFR was significantly lower in the BI group than in the control group (P ¼ 0.005). The number of patients with CKD in the BI group (n ¼ 103, 33.1%) was significantly higher than that of patients in the control group (n ¼ 32, 22.2%, P ¼ 0.02). The percentages of smokers, and patients with hypertension, atrial fibrillation, and metabolic syndrome in the BI group were significantly higher than those of patients in the control group (all P < 0.05). The percentage of patients with dyslipidaemia in the BI group was significantly lower than that of patients in the control group (P ¼ 0.006, Table 3 ). The IMT in the BI group was significantly thicker than that in the control group (P < 0.001, Figure 2a ). The percentage of Values are number, %, or mean ± standard deviation. BMI; body mass index, eGFR; estimated glomerular filtration rate, SBP; systolic blood pressure, DBP; diastolic blood pressure.
patients with carotid plaques in the BI group (n ¼ 272, 87.5%) was significantly higher than that of patients in the control group (n ¼ 86, 59.7%, P < 0.001). The mean plaque size in the BI group was significantly larger than that in the control group (2.86 AE 1.14 vs. 2.10 AE 0.97 mm, P < 0.001) (Figure 2b ). The area of internal carotid artery stenosis, which was determined using the area method, was significantly higher in the BI group than in the control group (P < 0.01, Figure 2c ). The same tendency was observed using the North American Symptomatic Carotid 
Correlation between IMT and CKD
To investigate the relationship between carotid atherosclerosis and CKD in each group, simple correlation analysis was performed. In the BI group, IMT was significantly negatively correlated with the eGFR (r ¼ À0.169, P ¼ 0.003). However, this relationship was diminished and non-significant in the control group (Figure 3 ).
Multivariate analyses
We also performed multivariate analyses to evaluate the associations between symptomatic ischaemic stroke and the findings of carotid ultrasonography and renal function (Table 4) . Multiple logistic regression analyses showed that internal carotid artery stenosis (P < 0.001) and the maximal plaque size (P < 0.001) were significant determinants of symptomatic ischaemic stroke after adjustment for multivariate risk factors. An increase in IMT was also independently associated with BI (P ¼ 0.001). Furthermore, the eGFR was a negative determinant of symptomatic Adjusted for age, sex, smoking habit, history of diabetes mellitus, hypertension, and dyslipidaemia. OR; odds ratio, CI; confidence interval, IMT; intima-media thickness, CKD; chronic kidney disease, eGFR; estimated glomerular filtration rate.
ischaemic stroke after adjustment of multivariate risk factors (P ¼ 0.02).
Discussion
In the present study, we showed significant relationships among CKD, carotid atherosclerosis, and symptomatic ischaemic stroke. Moreover, advanced CKD, and significantly greater IMT thickness were observed in patients with symptomatic ischaemic stroke. Therefore, parameters determined by ultrasonography might be useful surrogate markers for symptomatic ischaemic stroke. A previous report on acute cerebral infarction showed that carotid atherosclerosis was significantly progressed in patients with CKD. 17 Other studies have reported that CKD without hypertension has no involvement with carotid atherosclerosis. 18 Therefore, further studies are required to examine whether CKD is independently involved in the development of carotid atherosclerosis. The important findings of the present study are that carotid artery ultrasonography showed significant progression of IMT and arterial stenosis in patients with CKD after adjustment for various classical risk factors for atherosclerosis. Additionally, CKD can be a risk factor for cerebrovascular diseases. 19, 20 Based on these results, the relationship between CKD and IMT, which is a marker of atherosclerosis, is important for determining the brain-renal connection.
Common risk factors of CKD and stroke are age, hypertension, diabetes mellitus, dyslipidaemia, obesity, and metabolic syndrome. Moreover, risk factors for CKD, such as endoplasmic reticulum stress and subsequent inflammation through activation of the renin-angiotensin system, 21 oxidative stress, 22 asymmetric dimethylarginine, 22, 23 and nitric monoxide abnormality, 24 are associated with deterioration of atherosclerosis through vascular endothelial dysfunction in CKD. The phenotypic change of vascular smooth muscle cells to osteoplastic osteocytes or chondrocytes has been observed in lesions of atherosclerotic calcification in patients with renal disease. 25 Furthermore, nitric oxide prevents osteoblast differentiation of vascular smooth muscle cells and calcification by attenuating transforming growth factor-b. 26 Microalbuminuria 27 and a lower eGFR 28 are associated with asymptomatic lacunar infarction. According to an observational study of the Japanese general population over an average period of 7.76 years, 29 the risk of the first stroke attack increases 1.9-fold in patients with a creatinine clearance of 40 to 70 mL/min, and 3.1-fold in patients with a creatinine clearance of < 40 mL/min compared with those with a creatinine clearance of >70 mL/min. Furthermore, the risk of stroke tends to increase in patients with proteinuria. 29 In the present study, the number of patients with dyslipidaemia in the control group was significantly higher than that in the BI group. All participants were patients who underwent carotid ultrasonography because of some clinical reasons. Therefore, the prevalence of constant atherosclerotic risk factors was expected to be higher compared with that in the general population, even in control subjects. Treatment for dyslipidaemia, mainly with statins, contributes to prevention of BI in patients with atherosclerotic risk factors, such as CVD, 30 a history of BI, 31 and CKD. 32 Consistent with previous studies, [30] [31] [32] treatment for dyslipidaemia might have had a preventive effect against development of atherosclerotic disease in the control group.
In our study, multivariate analysis showed that carotid atherosclerosis was a common pathology of stroke and CKD. Additionally, IMT, one of the surrogate markers of atherosclerosis, could be a useful marker for evaluating not only the pathology of stroke, but also that of CKD.
This study has several limitations. One of these limitations is that CKD was defined only by the eGFR. Proteinuria is an independent risk factor for CVD. 33, 34 Another limitation is the possibility of coexistent diseases. We extracted the patients' medical history from the records of each participant, but the patients' treatment history, and the duration and severity of comorbidities were not fully extracted. Associations between some antihyperglycaemic drugs, statins, antihypertensive drugs, and progression of IMT or CVD have been reported, and thus differences between drugs should be taken into account. [35] [36] [37] The number of patients with atrial fibrillation was relatively small, and thus the percentage of patients with cardioembolic stroke might have been smaller than epidemiological estimates. A smaller proportion of cardioembolic stroke could cause selection bias. A further limitation is that this was a cross-sectional study that was performed in a single institution. The small sample size might have affected the results. A longitudinal study in large number of participants should be conducted in the future to clarify the associations among CKD, IMT, and symptomatic ischaemic stroke in the Japanese population. However, in the present study, ultrasonography was performed by a trained engineer in a single institution, which represents an advantage because there is less deviation compared with multicentre studies. There are regional differences in the incidence of symptomatic ischaemic stroke. Because cerebrovascular disease is relatively common in Asian populations, more evidence is needed to investigate the epidemiology of stroke in Asian populations.
In summary, this cross-sectional study showed significant associations among CKD, symptomatic ischaemic stroke, and an increase in IMT. Furthermore, advanced CKD and a significant increase in IMT were observed in patients with symptomatic ischaemic stroke. A mutual relationship might be present between symptomatic ischaemic stroke, CKD, and carotid atherosclerosis, which is a surrogate marker of stroke.
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